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7RESEARCH ARTICLE Open AccessClinical and haematological predictors of
antibiotic prescribing for acute cough in adults in
Swiss practices – an observational studySven Streit, Peter Frey, Sarah Singer, Ueli Bollag and Damian N Meli*Abstract
Background: Acute cough is a common problem in general practice and is often caused by a self-limiting, viral
infection. Nonetheless, antibiotics are often prescribed in this situation, which may lead to unnecessary side effects
and, even worse, the development of antibiotic resistant microorganisms worldwide. This study assessed the role of
point-of-care C-reactive protein (CRP) testing and other predictors of antibiotic prescription in patients who present
with acute cough in general practice.
Methods: Patient characteristics, symptoms, signs, and laboratory and X-ray findings from 348 patients presenting
to 39 general practitioners with acute cough, as well as the GPs themselves, were recorded by fourth-year medical
students during their three-week clerkships in general practice. Patient and clinician characteristics of those
prescribed and not-prescribed antibiotics were compared using a mixed-effects model.
Results: Of 315 patients included in the study, 22% were prescribed antibiotics. The two groups of patients, those
prescribed antibiotics and those treated symptomatically, differed significantly in age, demand for antibiotics, days
of cough, rhinitis, lung auscultation, haemoglobin level, white blood cell count, CRP level and the GP’s license to
self-dispense antibiotics. After regression analysis, only the CRP level, the white blood cell count and the duration of
the symptoms were statistically significant predictors of antibiotic prescription.
Conclusions: The antibiotic prescription rate of 22% in adult patients with acute cough in the Swiss primary care
setting is low compared to other countries. GPs appear to use point-of-care CRP testing in addition to the duration
of clinical symptoms to help them decide whether or not to prescribe antibiotics.
Keywords: Acute cough, Antibiotics, Primary care of Switzerland, Point-of-care CRP testingBackground
Acute cough is one of the main reasons why patients see
their General Practitioner (GP) [1]. Cough combined with
other signs of respiratory infection, such as fever, rhinitis,
sore throat, or discoloured sputum, is frequently caused
by a virus, in which case treatment with antibiotics is not
necessary. Antibiotics do not shorten the illness and may
be associated with side effects [2,3]. Furthermore, the
worldwide overuse of antibiotics is one of the main rea-
sons for the development of resistance [4,5].* Correspondence: damian.meli@biham.unibe.ch
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unless otherwise stated.The antibiotic prescription rate in patients with acute
cough varies largely in different countries, from 15% [6]
to 83% [4]. Variations in antibiotic prescribing also exist
in general practices within a country [7]. Different fac-
tors are known to increase the likelihood of prescription
of antibiotics, such as the patient’s expectation [8,9], old
age [10], female gender [11], and longer duration of
symptoms [12,13]. The following GP-related factors also
influence the prescription rate: the assumption that
patients want antibiotics [14,15], more or less years in
practice [15-17], and the license to self-dispense antibi-
otics [18]. Patients’ assumption that antibiotics help and
the GPs’ fear of a devastating outcome are two morehis is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
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with acute cough [8,9].
In a study conducted in Switzerland [19], 27% of pa-
tients with acute respiratory tract infection were treated
with antibiotics, less compared to other countries. As in
countries such as Scandinavian ones, the primary care
system in Switzerland uses point of care devices in prac-
tices for full blood count (FBC) and C-reactive protein
(CRP) testing, but about a third of all GPs have access to
chest radiography in their own practice. Many practi-
tioners are licensed to dispense medications, including
antibiotics. Although many GPs act as gatekeepers to
the health care system, patients are free to attend a
physician of their choice, including specialists in second-
ary care. Accordingly there are no registered patient
lists.
The aim of the present study was to assess factors as-
sociated with the prescription of antibiotics in patients
presenting with acute cough and to scrutinize the role
of point-of-care FBC, CRP testing and the immediate
access to chest X-rays.
Methods
Study population
We focused on a sample of consecutive adult patients
seeing their GPs because of a cough lasting less than
3 weeks. We excluded patients with asthma, chronic ob-
structive pulmonary disease (COPD), gastro-oesophageal
reflux disease, the use of ACE-inhibitor, immunodefi-
ciency or pregnancy. Medical students were recruited to
collect the data during their clinical clerkships within
general practice. Practices were located in and around
the city of Bern, Switzerland.
Processes and outcomes
Between September and November 2013, 39 medical
students volunteered to record data on every adult pa-
tient attending a GP because of cough during their
three-week GP attachments. Every student was only with
one GP, forming a GP/student pair. Each pair of GP and
student included a different number of patients (median
5, min. 1, max. 27). GPs were aware of the purpose of
the study and the recording of data. After each consult-
ation, the medical student and GP together assessed vari-
ous baseline characteristics. These meetings allowed for
the inclusion of data even if students occasionally were
not present in every consultation, such as in the case of
the students’ being occupied with other tasks, and also for
teaching purposes, including the assessment of clinical
signs, laboratory results and chest x-rays.
Ethical considerations
This study did not interfere with the consultation between
patients and GPs. Data available from the consultationwere recorded anonymously. According to the cantonal
ethical committee, no full ethical approval was needed for
this study.
Statistical analysis
The mean values and standard deviations of baseline
characteristics were calculated. The Chi-square-test was
used to compare categorical data and the Wilcoxon
rank-sum (Mann–Whitney) test for non-parametric values.
We used a mixed effects logistic regression model to derive
odd ratios of prescription of antibiotics and adjusted for
patient’s age, number of days of cough, haemoglobin level,
WBC (white blood cell) count, and CRP measurements.
GP’s age and ability to self-dispense antibiotics were also
adjusted for. We selected these co-variables, because they
were the most statistically significant differences between
patients treated with antibiotics and without as seen in
Table 1. Mixed effects logistic regression was used to
account for multiple assessments within patient
groups, and for clustering of patients depending on
treating GPs. Lastly, using STATA release 13.1 (Stata
Corp, College Station, TX, USA), we calculated a pre-
dictive model with the margins command to estimate
the adjusted prediction of all statistically significant co-
variables for the prescription of antibiotics. A p-value of
0.05 was considered to be statistically significant.
Results
Baseline characteristics
Medical students registered 348 (3.2%) cases with
acute cough out of 10’886 patients that they saw during
their attachments. We excluded 33 patients (9%) for
various reasons (Flowchart Figure 1). A fifth of patients
(22%) were prescribed antibiotics; 78% were treated
symptomatically.
Table 1 depicts the baseline characteristics of patients
with acute cough. The two groups (with and without anti-
biotics) differed significantly with regard to age of patient,
demand for antibiotics, days of cough, rhinitis, lung aus-
cultation, haemoglobin level, WBC count, CRP measure-
ment, and GPs’ self-dispensation of antibiotics. Table 2
shows characteristics of GPs and their offices.
Prediction of prescription of antibiotics
After logistic regression, only the duration of cough (OR
1.13, 95% CI 1.02-1.27), WBC count (OR 1.33, 95% CI
1.06-1.68) and CRP (OR 1.07, 95% CI 1.03-1.10) emerged
as significant predictors for the prescription of antibiotics.
Figure 2 shows a predictive model to estimate adjusted
prediction for the prescription of antibiotics. Threshold
mean values for the prescription of antibiotics are 17 days
of cough, leukocyte count of 11 G/l and CRP value of
50 mg/l.
Table 1 Patient characteristics
Characteristicsa Overallb (n = 315) Antibiotic treatment (n = 69) No antibiotic treatment (n = 241) p-value
Patients
Age, years (SD) 51.1 (18.2) 56.2 (19.0) 49.7 (17.8) 0.02
Women, n (%) 180 (57.1) 37 (53.6) 141 (58.0) 0.47
Smoker, n (%), n = 309 85 (27.5) 19 (27.9) 65 (27.3) 0.92
Nationality, n (%), n = 314 0.79
Switzerland 258 (82.2) 57 (82.6) 198 (82.5)
Europe 43 (13.7) 10 (14.9) 31 (12.9)
Other 13 (4.1) 2 (2.9) 11 (4.6)
Demand for antibioticsc, n (%), n = 141 11 (3.4) 11 (15.9) 0 (0) <0.001
Symptoms
Days of cough, n (SD), n = 311 6.7 (4.5) 7.9 (4.9) 6.4 (4.4) 0.02
Sputum, n (%), 167 (53.0) 42 (60.9) 124 (51.5) 0.17
Rhinitis, n (%) 169 (53.7) 30 (43.5) 138 (57.3) 0.04
Sore throat, n (%) 103 (32.7) 18 (26.1) 84 (34.9) 0.17
Fever, n (%) 115 (36.5) 31 (44.9) 84 (34.9) 0.13
Comorbidities, n (%) 0.09
Cardiovascular 57 (18.1) 18 (26.1) 39 (16.2)
Metabolic 12 (3.8) 4 (5.8) 7 (2.9)
Other 33 (10.5) 9 (13.0) 24 (10.0)
None 213 (67.6) 38 (55.1) 171 (71.0)
Findings
Lung auscultation, n (%), n = 314 0.001
Rhonchi 36 (11.5) 16 (23.2) 19 (7.9)
Wheezing 29 (9.2) 10 (14.5) 19 (7.9)
Other 29 (9.2) 6 (8.7) 22 (9.2)
Normal auscultation 220 (70.1) 36 (53.7) 181 (74.8)
Laboratory done, n (%) 219 (69.5) 56 (81.1) 162 (67.2) 0.03
Haemoglobin, g/l (SD) 141.0 (14.1) 136.3 (13.0) 143.0 (13.9) 0.003
White blood cells, G/l (SD) 7.3 (2.6) 8.7 (3.0) 6.9 (2.3) <0.001
CRP, mg/dl (SD) 25.0 (38.8) 61.2 (60.5) 12.5 (12.3) <0.001
Chest X-ray done, n (%) 36 (11.6) 22 (21.9) 14 (5.8) <0.001
Infiltrate visible, n (%) 12 (33.3) 12 (54.6) 0 (0) 0.001
aFor each characteristic with missing data, a label of “n” is provided behind each characteristic (e.g. Women, n).
bFive patients had missing data concerning antibiotic prescription.
cPatient opposed not to be prescribed antibiotics during consultation.
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In this study, 39 medical students collected data from
over 300 patients with acute cough during their three-
week clerkships in general practice. A fifth of all patients
were prescribed antibiotics. The baseline characteristics
of the patients who were or were not prescribed antibi-
otics differed significantly with regard to age of the
patient, the demand of the patient for antibiotics, the
duration of cough, rhinitis, lung auscultation, haemoglo-
bin content, white blood cell count, CRP measurement,
dispensing of antibiotics by the GPs themselves, and themedical student’ presence during consultation. After re-
gression analysis, however, only three variables remained
as firm predictors for the prescription of antibiotics –
the duration of cough, WBC count and CRP level.
Blood testing was not performed on all the patients,
perhaps due to the effect of the severity of illness on
physicians’ decisions to use laboratory tests. Patients
who were prescribed antibiotics and had CRP levels
checked had a significantly higher CRP than those who
were treated symptomatically. Point of care testing for
CRP has been shown to be a useful adjunct to clinical
Table 2 Characteristics of GPs and their offices
General Practitionersa (n = 39)
Age, years, n (SD), n = 37 56.4 (6.8)
Experienceb, n, years (SD), n = 38 20.7 (8.2)
Women, n (%), n = 37 6 (16.0)
Self-dispensingc, n (%), n = 37 30 (81.1)
Office location, n (%), n = 37
City 11 (29.7)
Suburbs 5 (13.5)
Rural 21 (56.8)
aFor each characteristic with missing data, a label of “n” is provided behind
each characteristic (e.g. Women, n).
bNumber of years working as a general practitioner.
cAbility to deliver and sell drugs directly at the GP office.
Figure 2 Predictive models for threshold of prescription of
antibiotics depending on days of cough, WBC count and CRP
level. *Example to read: following the horizontal line crossing the
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widely available in Swiss GP practices. They have proven
to be of great assistance in deciding whether antibiotics
for acute respiratory infections are indicated or not [20].
The usefulness of CRP testing in acute cough and re-
spiratory tract infection for reducing antibiotic prescrip-
tion has been assessed repeatedly. There is general
agreement about the influence of point-of-care CRP re-
sults on whether or not to prescribe antibiotics in these
situations [21-23]. The views about the diagnostic value
of CRP in infections of the lower respiratory tract are,
however, controversial [24-26]. André et al. questioned
the use of CRP in patients with respiratory tract infec-
tions [27]. For patients assigned viral diagnoses, anti-
biotic prescription increases with increasing duration of
symptoms and increasing value of CRP, but in 59% of
the patients assigned viral diagnoses, CRP values were
not interpreted correctly resulting in a non-optimal use
of antibiotics.
A raised leukocyte count has been found to be a non-
specific, unreliable indicator of respiratory infection [28].
In this study, however, WBC counts proved to be aFigure 1 Flowchart.
mean value (blue line) crossing x-axis e.g. 17 days (blue area =95%
CI) as a predictive threshold of 17 days of cough for GPs to decide
prescribing antibiotics.reliable predictor for the prescription of antibiotics. This
may be due to the fact that automated lab-machines
often measure CRP and WBC levels together even
though GPs focus on CRP. In our study, 61% of all pa-
tients had both laboratory tests. However, CRP was mea-
sured in 69% of the cases and WBC counts in 62%.
Similarly, GPs are tempted to prescribe antibiotics with
the increasing duration of cough although it has been
shown that the median duration of untreated cough is
up to 18 days [29]. The mismatch between patients’ ex-
pectations and the reality of the natural history of acute
cough may have important implications for antibiotic
Streit et al. BMC Family Practice  (2015) 16:15 Page 5 of 6prescription. Moreover there is little evidence that antibi-
otics change the number of days with cough in patients
with non-complicated acute bronchitis and discoloured
sputum [30-32].
Some Swiss practices have a license to dispense phar-
maceuticals, including antibiotics, thus linking diagnos-
tic and therapeutic procedures. This is convenient for
patients as they do not need to pay separate visits to
pharmacies. The reverse side is that practitioners with
dispensaries have financial incentives to prescribe medi-
cation. Nevertheless, the availability of laboratory, X-ray,
and other diagnostic and therapeutic facilities within
practices may be partially responsible for the fact that
Switzerland is one of the leaders regarding the restricted
use of antibiotics and the country’s high ranking on the
Euro Health Consumer Index, with regard to the interval
between diagnosis and treatment for a great number of
health care aspects [33]. For example, looking at chest
X-rays on Table 1, it can be seen that GPs’ feeling the
need for such X-rays in order to make a therapeutic de-
cision (antibiotics yes/no) is significantly linked with the
prescription of antibiotics, especially when infiltrate vis-
ible. The same applies to abnormal sounds from lung
auscultation. It can be surmised that acute cough in
these patients was seen as the expression of lower re-
spiratory tract infection, e.g. pneumonia.
This cross-sectional study conducted by motivated
students and GPs has produced findings which can be
considered representative of the national picture, as the
equipment of GP practices in Switzerland is quite uniform
with regard to the availability of point-of-care laboratory
tests, including CRP and blood count, X-ray, lung function
tests and electrocardiogram monitors. It enables GPs to
reach an accurate diagnosis within a few minutes and to
tailor therapeutic medications, especially antibiotics. This
is important in view of the ever increasing resistance to
antibiotics in Europe [34].
Strengths and weaknesses
This is the first study about predictors of antibiotic pre-
scribing in adult primary care patients with medical stu-
dents collecting clinical and haematological data during
clerkships. Consultations conducted in the presence of
students may be considered unrepresentative as GPs
might be concerned to set a good example. This is rather
unlikely as students were present during the consult-
ation in 86% of all cases but there was no correlation
between student presence and GPs’ prescription of an-
tibiotics (p = 0.96). However, the number of patients
included was relatively small, and the data quality suf-
fered from some missing data in the data entry process.
This may be due to the fact that laboratory investiga-
tions were not undertaken in more than around 60% of
all patients. The severity of illness may have influencedthis decision. Lastly, we did not check on the adequacy
of GPs’ prescription of antibiotics over and above the
impact of clinical findings and biomarkers.
Conclusions
Medical students collected data from adult patients
presenting with acute cough during their three-week
clerkships with GPs. Antibiotics were found not to be
prescribed as often as in some other countries. CRP
level, WBC count and duration of cough turned out to
be the main predictors of antibiotic prescription suggest-
ing that GPs use the results of these tests in making treat-
ment decisions.
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